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Cut Mica, Washers, etc. 
MICANITE Sheet in all 
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Troughs, Tapes, etc. 


PAXOLIN Varnish-Paper 
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Indoor and Outdoor Service. 


EMPIRE Varnished Insulat- | 


ing Cloths, Sewn and Seam- 


less Bias Tapes, Silks, Papers. — 
EMPIRE Varnished Insulat- 


ing Sleeving. 


LEATHEROID, VULCANISED 
FIBRE, PRESSPAHN, ADHESIVE 
TAPE. 


( Total Area 5 acres ) 
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Factory in the British Empire for the Manufacture 
of Electrical Insulating Materials. 
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100 volts amps. 


The style R.G.C.8 Westinghouse Battery 
Charger is designed for charging large 
six- or twelve-volt batteries at a high 
rate. It will deal with a maximum of 
six |2-volt batteries at 6 amps. 


A single-circuit set, its output is 
regulated by two four-way tapping 
switches, and the charging current is 
indicated by means of the moving-coil 
ammeter mounted on the charger itself. 


The price of this compact charger is 
£25, and full details are given in 
‘At the Correct Rate,” a copy of 
which will gladly be sent on request. 


GP [WESTINGHOUSE 


battery chargers 


THE WESTINCHOUSE BRAKE & SAXBY SICNAL CO., LTD., 
82, York Road, King’s Cross, London, N.1. 


LEWBESTOS 
insulated wire 
is unequalled— 


— for use in the manufacture and 
No thicker repair of coils for traction, 
than cotton- mining and mill motors; lift- 
ing magnets and all apparatus 


covered subject to severe temperature 
wire—yet rises. 
insulated 
‘ Withstands a test pressure of 
with pure 1,000 Volts between turns after 
Asbestos long period working up to 
Fibre! 200° C. (392° F.) 


LEWBESTOS insulation is a 
pure Asbestos Fibre Insulation 
specially treated to remove all 
impurities, and it is moisture- 
proof and tough, but in spite 
of its toughness it will not crack 
or break on sharp bends. 


THE LONDON ELECTRIC 
WIRE COMPANY AND SMITHS, LTD., 
Church Road, Leyton, London, E.10. 


Telephone : LEYTONSTONE 3636 (I0lines). 
Telegrams: LEWCOS, LONDON, 
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Telephone : Huddersfield 1581 (4 lines) 
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SILVERTOWN OILS 


LUBRICATION 


AND 


INSULATION. 


TRANSFORMER AND SWITCH OILS (to B.S.S.  148/1933). 
** PENETROL ” HEAVY INSULATING OILS AND COMPOUNDS. 


“PENETROL” CABLE IMPREGNATING OILS AND 
COMPOUNDS. 


“PENETROL” JOINT BOX COMPOUNDS. 
HOLLOW-CORE CABLE OIL (for 132 kV and 66 kV). 
TURBINE OILS. 


LUBRICATING OILS AND GREASES (for Plant, Machinery 
and Transport of every description). 


Contractors to The English Electric Co., Ltd., and Principal Government 
Departments, Railways, Municipal Authorities and Industrial Firms. 
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WEDNESFIELD, Nr. WOLVERHAMPTON 


Manufacturers of 


BLACK SHEETS, CLOSE ANNEALED SHEETS, 

CR. & CA. SHEETS, PATENT FLATTENED SHEETS, 

PICKLED SHEETS, PLATES, +’ THICK & UNDER, 

CIRCLES, Etc. ALSO SPECIAL DEEP STAMPING 
& WELDING QUALITY. 


WEDNESFIELD STEEL CO., MIDLAND SHEET CO., 
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Phone: FALLINGS PARK 31375. Phone: TIPTON 1530. 
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by 


ENQUIRIES INVITED. 
Write for Catalogue No. 395 to :— 


JAMES WALKER Co.,Ltd., 
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Industrial World 


In the Engineering and Elec- 
trical Industries, the Metal 
and Hardware Trades 
hundreds of products are 
being made better and more 
economically with the help of 
“NEW PROCESS” Steel 
Tubing. 

Efficiently welded by a special 
process it has a remarkable 
smooth surface and can be 
supplied in a wide variety of 
sections. 


TUBE PRODU 


(INCORPORATING 


“NEW PROCESS” Steel 
Tubing combines lightness 
with strength. It is concentric 
and uniform in gauge. 


Have you seriously con- 
sidered what the Steel Tube 
might do for you ? We should 
be pleased to send you a copy 
of our latest catalogue. 
Write us for a copy of 
publication No. 40.133. 


LIktiteD 
H. JOYCE & CO.) 


OLDBURY, BIRMINGHAM 


BEHIND THIS TRADE MARK LIE 


hou 60 YEARS EXPERIENCE OF 
_ ELECTRICAL PORCELAINS 


Miles and miles of transmission line insulation carries this 
mark. It is moulded into thousands of heating and lighting 
accessories. Porcelains of all types are branded with it. 


Its success is built on a progressive experience. Years of 
experiment have taught us the highest standards of Strength, 
Accuracy and Economy in output. 


Porcelain is still the hardiest and safest insulating medium. ‘TT.’ porcelain 
is, from every point of view, in the highest class. 


We make a complete range of porcelains for electrical use :— 


Overhead H.T. Insulators 
Post Office Insulators 
Post Type Insulators 


Refractories 
Fire Bars 


Porcelains 
for Accessories 
of every kind 


Fish Spine” Beads 
for bare wire 
insulation 


TAYLOR TUNNICLIFF PORCELAINS 


INSULATORS .. REFRACTORIES .. CHINAS .. BEADS 


TAYLOR TUNNICLIFF & CO., LTD.,110 CANNON ST., LONDON, E.C.4.—Teleph -M 


House 7211 and 7212 
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EK. N. MASON & SONS LIMITED 


THE MANUFACTURING DRAWING OFFICE STATIONERS 


THE “NEW CENTURY” CONTINUOUS 
PHOTO COPIER. 


_ No. NC 36, 42” Single Lamp Model. 


The ‘“ New Century” Continuous Photo Copier—the machine with a 
100 speeds— marks a new era of photo printing efficiency. It is designed 
essentially to meet the exacting requirements of the new dye line positive 
processes. 

‘“New Century” machines are available in a full range of models, 
including Simplex and Independent Duplex machines as single or two 
lamp models. 


Ask us to send you a complete catalogue giving full particulars of the 


outstanding features of these new models or, better still, visit our stand— 


No. 16, Row K, 
ENGINEERING AND SHIPBUILDING EXHIBITION, OLYMPIA. 


ARCLIGHT WORKS, COLCHESTER, ENGLAND. 


LONDON — BIRMINGHAM -- MANCHESTER -- NEWCASTLE-ON-TYNE 
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Cape 


33,000- 
VOLT 
CABLE 


We are supplying to the City of Cape Town 
63,315 feet of 33,000-volt 3-core, H-type 
cable, for connecting the Municipal Electricity 
Supply area with the Electricity Supply 
Commission’s Power Station at Salt River. 
The fact that such an important order was 
entrusted to us is further proof that Siemens 
Cables enjoy a world-wide reputation for 
quality and reliability. 


Unleading Cables at Cape Town. 


SIEMENS BROTHERS & CO., LTD. 


WOOLWICH, LONDON, S.E.18. 


Telephone: Woolwich 1161. 
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EDITORIAL. 


Many of our readers will have seen 
in the Daily Press and in the Technical 
Journals, reference to the signing, at the 
Company’s Offices in London, of a 
contract involving the sum of £2,000,000 
for the electrification of the main Warsaw 
Junction Railways. 


The contract provides for the supply 
and erection of a large quantity of railway 
material, comprising locomotives, motor- 
coaches. overhead-line equipment and 
substation work, and includes the 
necessary finance for certain civil 
engineering work associated with the 
electrification. The system adopted is 
3,000 volts direct current. 


The negotiations on behalf of the 
associated British interests were carried 
out by Mr. G. H. Nelson, the Chairman 


. 
-—--- - — —-- - 
= 
4 
‘ 
: 
| 
7 


144 


and Managing Director of our Company, 
and their successful culmination was 
largely due to the full co-operation 
between the Prudential Assurance 
Company, the British Overseas Bank, 
and the two contracting firms; The 
English Electric Company, and The 
Metropolitan-Vickers Electrical Export 
Company. The award of this contract 
follows on earlier contracts for large 
generating and traction plants which 
were placed with our company by the 
Polish Authorities. One of the articles 
in this issue gives a description of the 
new electrification scheme and of the 
work to be carried out. 


Further articles in the issue describe 
the latest developments in our Switch- 
gear and Fuse-gear Departments. These 
include an auto-reclose switch equipment, 
and a new drop-down oil-break switch 
unit; while the description of the latest 
form of fuse units will, we believe, be of 
much interest to engineers engaged on 
distribution These units are 
simple, easily accessible, and capable of 


work. 
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modification and extension; and not least 
important, they occupy a minimum of 
space. The demand for these units is 
rapidly increasing. 


In our last issue we described the Dick, 
Kerr Luxury Coach, which is the last 
word in road-coach construction, and we 
follow in this issue with a description of 
what may be termed the Luxury Tram- 
car. This likewise has been constructed 
at our Preston Works, and is no less 
attractive both as regards comfort and 
appearance. This car will be in service 
all the year round on the Blackpool— 
Fleetwood route, and has been specially 
designed for both winter and summer 
use. Recently the Company received 
an order for twenty-four similar vehicles. 


The article on “ Rural Electrification” 
is concluded in this number. The subject 
is one to which we have devoted much 
attention, and the Company is in a 
position to give expert advice and service 
to all who are interested in rural electri- 
fication projects. 


| 
| 
| 


THE ENGLISH ELECTRIC JOURNAL 


Electrification of the Warsaw Junction Railway. 


Immediately after the War, Poland found itself 
in particular need of greater and more efficient 
transport facilities. The Polish Government, 
therefore, took the matter in hand with enter- 
prise and energy, and recent developments 
include the construction on modern lines of a 
Port at Gdynia, together with the necessary 
railway communications and improvements to 
the railway facilities in many of the larger cities. 

The largest city in Poland is Warsaw, which 
has a population of 1,110,000 ; and for some time 
the inconvenient lay-out: of the railway tracks 
had been the cause of much congestion of traffic 
and loss of time in moving trains from one side 
of the city to the other. 

As can be seen from the map, there are at 
present four principal stations in Warsaw— 
namely, Central and Gdansk on the left bank 
of the Vistula, and East and Wilno on the right 
bank, all of which are connected by a loop 
line which runs round the north side of the city. 

These four stations are fed by six different 
main lines, two lines entering Warsaw from the 
west, coming from Vienna (via Piotrkow), and 
from Lodz, while four lines enter the city from 


the east, coming from Danzig, Wilno, Moscow 
and Demblin. 

All through traffic from east to west, and vice 
versa, as well as all express trains for the east, 
which start from Central Station, have to run 
round the loop to the north of the city, and, as 
this loop is also used for freight and local traffic 
it can be readily seen that congestion was 
inevitable with increased traffic, and train move- 
ments were made extremely difficult. 

The Polish Government therefore investigated 
this problem and finally decided that the best 
solution would be to construct a new line across 
the city, part of which would be in a tunnel, and 
to build a new bridge and viaduct, so as to connect 
the Central and East Stations. This will permit 
closing the Wilno and Gdansk Stations, and all 
passenger traffic will be concentrated at the new 
Central Station. 

The new railway bridge over the Vistula men- 
tioned above is about 500 m. in length, and has 
already been completed ; and a cut and cover 
tunnel has been driven under the Aleja Jerozo- 
limska. This tunnel carries two tracks, and is 
under one side of the street, there being space 
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Polish State Railways, Sketch-map of Electrification Scheme. c 
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for a tunnel with two more tracks under the 
other side of thestreet when they become necessary. 

The tunnel, bridge and railway connections are 
practically finished, but very little work has been 
done yet on the new Central Station. This will 
be a monumental building with the tracks below 
and a concourse and offices above. 

In order to operate trains through the tunnel, 
electrification is essential, and it has been decided 
to electrify three of the most important lines 
radiating from Warsaw—namely, the Piotrkow 
line as far as Zyrardow (41 km.), the line to 
Moscow as far as Minsk (43}km.), and the 
Demblin line as far as Otwock (303 km.). 

Multiple-unit stock will be used for the local 
passenger services, whilst electric locomotives will 
be used to haul international and through 
expresses on the new junction line. 

There is fairly heavy passenger traffic on all 
these lines, and the 1931 statistics give the 
following figures for passengers carried per 
annum :— 


On the Zyrardow Line— Millions. 

Warsaw to Skierniewice ... «« 42.20 
On the Otwock Line— 

Warsaw to Pilawa she — 4.91 
On the Minsk Line— 

Warsaw to Mrozy vik ae 3.65 


The actual traffic density between Warsaw and 
Zyrardow, Warsaw and Otwock, Warsaw and 


STATISTICS FOR LAST YEAR OF STEAM WORKING. 


Last year of 
Railway Lines. 


_ Southern Railway— 


London-Brighton Section... 1913 
South-Western Section sie 1915 
L.M.S.— 
Liverpool-Southport... 1904 
Euston-Watford 1913 
L.N.E.R.— 
Tynemouth Branch ... _ 1904 
Warsaw-Pilawa ... — 
| Warsaw-Mrozy _... — 


steam working. 
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Minsk, would, of course, be greater than these 
figures, as each of these towns is closer to Warsaw 
than Skierniewice, Pilawa and Mrozy, for which 
routes the statistics were compiled. 

In order to obtain a comparison, it is of interest 
to examine these figures in conjunction with the 
traffic densities of other lines for the last year of 
steam operation before going over to electrifi- 
cation. 

For this purpose the table given below has been 
compiled, and it will be seen that the three lines 
radiating from Warsaw, which it is now proposed 
to electrify, compare very favourably from the 
point of view of traffic density alone with lines 
in other countries which it has been found an 
economic proposition to electrify. 

As mentioned above, the first sections to be 
electrified are from Warsaw to Zyrardow, Otwock 
and Minsk, but extensions are contemplated in 
the near future beyond Zyrardow to Skierniewice, 
and this can only be the beginning of a general 
electrification scheme for all lines radiating from 
Warsaw. 

After careful examination of all conditions, the 
Technical Commission appointed by the Polish 
Ministry of Transport recommended the adoption 
of 3,000 volt d.c. as the best system to be used, 
and the locomotives, motor-coach equipments, 
and plant to be supplied for this contract will be 
suitable for operation on this voltage. 


No. of Passengers 
passengers Route per route mile 
per annum mileage. per year in 
in millions. ten thousands. 

14.8 19.89 74.5 

24 50 48 

12.29 41 30 

7.8 26.25 29.7 
7 27.13 25.8 
6.2 31.75 19.5 
4.91 33 14.9 
1.9 19.8 9.6 
3.65 42 8.7 
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Six sub-stations will be provided, located as 
shown on the map, and the converting-plant will 
consist of mercury-are rectifiers, together with 
the necessary transformers, switchgear, high- 
speed breakers and auxiliaries, the total capacity 
to be installed being 29,500 kW. 

Five of these sub-stations will be equipped with 
supervisory control apparatus, four of them being 
controlled from the nearest passenger station, 
while the fifth, namely, Warsaw East Sub- 
station, will be controlled from Warsaw West 
Sub-station, which latter is arranged for manual 
operation. 

Six locomotives will be provided, which are 
primarily intended for handling the international 
and express trains, as well as freight trains, on the 
electrified sections in Warsaw, after the steam 
locomotives have been detached. 

They will be of the box-cab type, and have a 
B+ B wheel arrangement, the bogies being con- 
nected together with an articulated coupling so 
as to relieve the superstructure of all strains. 
The locomotives will be equipped with four 
motors of the forced-ventilated type, each rated 
at 550 h.p. on 1,500 volts, two being connected 
in permanent series for operation off the 3,000- 
volt trolley system. 

Electro-pneumatic control gear will be provided, 
and each locomotive will be equipped with two 
air-operated pantographs, compressed-air braking, 
and all necessary auxiliary apparatus. 

For the multiple-unit suburban stock 80 motor 
coach equipments and 250 trailer-coach equip- 
ments will be supplied, complete with all appa- 
ratus to enable trains of various units to be made 
up as required. 

The motor coaches will be arranged with a 
driver’s compartment at each end, and the 
control apparatus will be mounted in a special 
compartment immediately behind one of the 
driver’s compartments. 

Each motor coach will be equipped with four 
200 h.p. 1,500-volt self-ventilated motors, two 
motors being connected in permanent series to 
operate off the 3,000-volt trolley system. A 
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motor-generator will be supplied with each equip- 
ment to provide a low-voltage supply for lighting 
and for the operation of the control apparatus. 

Two air-operated pantographs, which can be 
controlled from the driver’s cab, will be mounted 
on the roof of each motor coach. Heating will be 
carried out direct from the 3,000-volt trolley 
supply, and the necessary control apparatus, 
couplers and jumpers, etc., will be provided to 
enable the feed for the heating on trailer coaches 
throughout the train to be taken from the motor 
coaches. 

A battery of 50 ampere-hour capacity will be 
provided on each motor coach, together with 
the necessary ancillary apparatus to enable half 
the lighting load to be supplied by the battery 
in an emergency. 

The apparatus for the 250 trailer coaches com- 
prises heaters, cable, conduit, couplers, ete., and, 
in addition, the necessary apparatus, such as 
master-controller, control switch, pantograph 
switch, etc., to enable 60 of these trailers to be 
arranged as driving-trailers if necessary. 

Due to the great range of temperature and high 
winds experienced in Poland, great care was 
required in designing the overhead contact line 
system, and after careful investigation it was 
decided to provide the single catenary type of 
construction supported from steel poles by side 
bracket arms. 

The normal spans will be approximately 
72 metres in length, and weight-tensioning of 
both the catenary and trolley wires will be 
provided at approximately every 1.3 km., which 
will thus keep the trolley wires level under all 
conditions of weather. 

The catenary will be of cadmium-bronze, and 
two trolley wires will be used, each having a cross 
section of 100 sq. mm., supported by alternate 
droppers direct from the catenary. 

The whole of the overhead contact line will be 
divided into sections by six track-sectioning 
cabins, in which will be installed the necessary 
high-speed breakers to enable any section of the 
line to be isolated in case of a fault. 
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A New Type of Tramcar Constructed for the 
Blackpool Corporation. 


The well-known Blackpool motto “ Progress ”’ 
is exemplified in the new tramear which has been 
designed by the Transport Manager, Mr. W. Luff, 
the development and the work being executed 
by The English Electric Company, Limited. 
The body, of registered design, and the trucks are 
manufactured at the Company’s Dick, Kerr 
Works, Presten, and the electrical equipment at 
the Phoenix Works, Bradford. 

Apart from the fact that the vehicle is essen- 
tially modern in appearance, another object in 
providing this new car is to give an accelerated 
service, and this has been achieved by giving 
additional speed to the vehicle, and by providing 
better entrance arrangements to give more speedy 
loading and unloading facilities. 

As the car will be principally used on the run 


The new car for Blackpool Corporation. 


between Blackpool and Fleetwood, a good 
observation type of vehicle was required, and 
with this object in view, passengers’ vision has 
been a primary consideration both by means of 
the normal windows and in this case by the pro- 
Thus this 
type of car apart from its normal service will be 
particularly useful during the annual illumina- 
tions period, when it is very necessary that 


vision of side eaves of plate glass. 


passengers can make observation easily, and at 
the same time be fully protected during inclement 
weather. 

The body, which is of the centre-entrance type, 
seats 52 passengers, and being of streamline shape, 
has an exceedingly good appearance. It is 
mounted on two equal-wheel bogie trucks, 
having wheels of 27 in. diameter to enable very 


Each of the two saloons has a sliding roof. 
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low loading to be provided,and to make it possible 
for the overall height of the vehicle to be less than 
10 ft. 

Passengers enter at either side of the car, at 
the centre, dependent on the direction of motion, 
and they step directly on to the entrance plat- 
form or vestibule without the intervention of 
any step arrangement. On each side of the 
vestibule is a saloon seating 24 passengers, all 
seats being of the transverse reversible type. 
Seats of the spring-loaded tip-up type are pro- 
vided in the vestibule to accommodate 4 
passengers. 


At each end of the car is a totally-enclosed 
driving compartment, the driver having access 
to this compartment from the exterior of the 
car by means of a door on the offside, and, further- 
more, another door is provided immediately 
behind the driver for access into the saloon. 


SPECIAL CONSTRUCTIONAL FEATURES. 

In construction the body may be termed 
“composite,” as its principal members are 
composed of rolled-steel sections and teak ; the 
underframe is of welded rolled-steel sections. 


Special attention has been paid to the ventila- 
tion of this car and apart from a large number 
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of ventilators fitted on the side facia panel, the 
roof of each saloon can be opened in fine weather 
by means of a large sliding panel. The sliding 
roof in each compartment is controlled by the 
conductor, and can be locked in any desired 
position. Furthermore, two windows on each 
side of each saloon are fitted with the latest half 
drop type of fittings with stainless-steel framing, 
while louvres are provided throughout the length 
of the vehicle to enable the half-drop windows to 
be left partially open when required. 


Electric heaters of the tubular type are installed 
at each side of the car, these being controlled by 
the driver. In cold weather they will comfortably 
heat the car throughout. 


In the vestibule and gangways the floor covering 
is of a green and mottled-brown rubber to 
harmonise with the interior decoration. 

The interior woodwork of the saloons is of 
polished mahogany, while the lining panels are 
covered in scratch-proof material to tone. The 
ceilings are panelled and are of a pleasing design 
shaded in a warm orange tone with the embellish- 
ment in the design picked out in green. The 
furniture is principally of stainless steel. 


The saloon seats are furnished with rubber 
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cushions, and are upholstered in a_ tasteful 
design of green moquette and green leather. A 
cool pleasing effect has been generally obtained 
in the interior of the car, and passenger comfort 
has been considered in every way. 

It is worthy of note that without restricting 
passenger space in any way accommodation is 
provided for 48 seated passengers in the two 
saloons, while the overall length of the vehicle is 
only 40 ft. 

INTERIOR LIGHTING. 


One of the most important features of modern 
tramear design is 
that of lighting, 
and in this car it has 
been so arranged 
that the intensive 
illumination is such 
that it will be pos- 
sible for passengers 
to read in comfort, 
while at the same 
time glare has been 
obviated. The light - 
ing fittings have 
convex glazed pol- 
ished frames, and 
are fitted the full 
length of each side 
of each saloon. In 
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each is fitted with an electric wind-screen wiper 
having a large area of operation. The normal 
type of mechanical sand gear is provided. 

Communicating bells from the saloons to the 
driver are of the electric type, and a pneumatically- 
operated warning-whistle is fitted for the use of 
the driver. 


Hand-brakes are actuated by a polished 
vertically-operated handwheel, suitable reduc- 
tion gear being provided to minimise the manual 
effort. In addition to this manually-operated 
brake, air braking, operating on all wheels, is 
provided. 

Two destination 
indicators are pro- 
vided in the canopy 
over the driver at 
each end, and 
over each entrance 
doorway a_ large 
indicator is fitted ; 
all of these are di- 
rectly illuminated. 


The life-guard 
and side-guards are 
of tubular metal 
construction of 
orthodox design, in 
order to meet the 


the vestibule a rect- 
angular panel glass 
fitting is provided, 
and thisilluminates 
both vestibule and 
entrances. 

The general ap- 
pearance at the 
ends of the car 
is considerably 
enhanced by the 
provision of two 
headlamps, and 
also by the use of 
spring steel fenders 
of the type which has been made popular on the 
ordinary private motor car. Two adjustable wind 
screens are fitted at each end of the car, and 


A view showing the adjustable wind-screens, the headlights, the 


spring-steel tender and the life-guard. 


Ministry of Trans- 
port requirements. 


The body is 
mounted on two 


¢ equal-wheel bogies 
having a 4 ft. 


wheelbase — which 
he have been designed 
specially for this 
tramear. Rolled- 
steel disc-wheels 
27 in. diameter are 
fitted, and the side 
frames consist of 
steel plates. The 
brakes operate shoes on all wheels. 
SPRINGING. 
Special attention has been given to the spring- 
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ing so that heavy overloads can be carried without 
unduly stressing the springs. On the other hand, 
with light loads, special spring arrangements 
allow for equally easy riding qualities. Long leaf 
semi-elliptic springs with auxiliary rubber pads 
are carried under the axle-boxes, these operating 
in conjunction with a fully sprung swing bolster. 

The axle-boxes are of the semi-spherical roller- 
bearing type so arranged to eliminate wheel wear 
when cornering. To minimise any noise usually 
associated with the use of equal wheel trucks 
silent-bloe bushes have been fitted. The bogie 
trucks are of compact design, and each is fitted 
with one K.E. 305 Motor, a description of which 
is given below. 

Morors. 

The electrical equipment consists of two 
motors with series parallel control. The motors 
are the E.E 305 type, rated at 50 h.p., at 500 
volts, of modern light-weight construction, with 
Class B insulation and drive through spur gearing 
directly on to one axle of each bogie. 

A special feature with which these motors are 
provided is the ‘ English Electric’ constant 
level lubricator. While the armature bearings 
are of the standard roller type, the axle suspension 
bearings are of course oil lubricated, and an oil 
container, certain details of which have been 
patented by the English Electric Company, is 
fixed to each motor which keeps a constant oil 
level in these bearings. The supply of oil in the 
containers is sufficient to maintain the bearings 
for from four to five months, thus greatly reducing 
the attention required by these bearings: and as 
the trucks are provided with roller-bearing axle- 
boxes, lubrication maintenance is reduced to a 
minimum. 

CONTROLLERS. 

There are two controllers, one at each end of 
the car, which provide four series, four parallel, 
and eight brake notches. These controllers 
represent the latest development in tramway 
practice. Tramway controllers in the past have 
been fairly clearly divided between the earlier 
drum-type and the later cam-type, but experience 
has shown that neither is ideal; this new 
controller contains the best features of both. 

It is known as the English Z”’ 
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type, and has the usual mechanical interlock 
between the driving-handle and the reverser. 
The principal feature is the division of the 
contacts into those which break current and 
those which carry current. There are two 
contactors provided for breaking current ; a line 
contactor on the power side, and a contactor on 
the brake side. 

The line contactor is fitted with the ‘ English 
Electric quick-break trip-mechanism, so that 
in shutting off the power, the current is entirely 
broken on this line contactor. The brake con- 
tactor is arranged so that the rupturing of the 
brake-circuits, when shutting off from ** brake ” 
to “off” position, is made on this contactor. 
The remaining contacts, including those for 
successively cutting out steps of resistance, are 
made on a power cylinder of the drum type 
fixed to the same shaft as the cams which operate 
the line contactors. 

The contact fingers are fitted with individual 
blow-outs, and are of the self-adjusting type 
with renewable tips and helical springs. No 
current passes through the springs. The entire 
drum, consisting of the contactors and drum 
contacts is provided with an are-shield of the 
swing-hinge type. 

The reversing drum is of the standard type 
with means for cutting out either motor by 
means of the reversing key. Below the reverser 
is a brake power change-over switch ; this is a 
switch of the two-position type so that the circuits 
are set up either for power or for brake, and this 
contributes to the ease of manipulation of the 
controller. Further, as this switch is only 
moved from to brake,” there is a big 
reduction in the amount of wear on contacts and 
fingers as compared with previous types. All 
contact fingers of the reverser and brake switch 
are also of the self-adjusting, helical-spring, 
renewable-tip type. The controller is exceedingly 
accessible, and ample space has been given so as 
to ensure easy maintenance. 

A further special and patented feature embodied 
in this controller is that all incoming leads are 
brought to terminals on the right-hand side of 
the controller, and enter through a_ casting 


secured to the car floor, and also secured to the 
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controller when in position. To remove the 
controller for general overhaul, it is only necessary 
to disconnect the leads, unscrew two bolts in the 
floor casting, and the controller can be moved 
away, leaving all the cables in position without 
having to drag the leads through a hole in the 
controller casing. The advantages of this for 
maintenance operations will be readily appre- 
ciated. 
PANTOGRAPH, 

Current collection is by means of an ‘ English 
Electric *’ pantograph, mounted on a structure 
built on the car roof. This pantograph has 
special features, on which patents have been 


applied for. It is of the single pan, sliding 
collector type, operated by means of adjustable 
tension springs, with the spring tension applied 
through cams to keep the pressure uniform over 
the whole working range. The construction is 
in accordance with best railway practice, the 
framework being of steel tubing with cast-steel 
sockets and tubular cross bracing. The joints are 
fitted with self-adjusting ball-bearings and are 
shunted with flexible copper pigtails. The panto- 
graph is controlled by a standard trolley cord 
with the addition of a simple locking device to 
hold the pantograph closed in the lowered 
position. 


A side view of the new Blackpool car. 


A cordial is ex- 


tended to all 


invitation 
our readers 


to visit our Stand at the 


We are showing a double- 


deck four-wheel trolley-bus 
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port Exhibition at Olympia, 


November 2nd to IIth. 
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Recent Developments 


in the 


Switchgear and Fuse-gear Departments. 


Vertical Isolation Switchgear—Type “DD” 


In order to meet the increasing demand for an 
inexpensive oil circuit-breaker unit which will 
occupy the minimum building space, but at the 
same time will incorporate many of the advant- 
ages of the orthodox metal-clad compound- 
filled draw-out-type switchgear, including re- 
liable and definite performance, the company 
has recently developed the “DD” vertical- 
isolation metal-enclosed drop-down unit, typical 
illustrations of which appear in Figs. 1 and 2. 

The “DD” unit is designed for voltages up 
to 11,000 volts and for currents up to 1,200 
amperes. 


The main structure is of fabricated steel, and 
by use of adequate bracing members complete 
rigidity is obtained with the minimum of weight. 
The busbar and current-transformer chambers 
are located at the top of the unit, and are normally 
air insulated, but they can be oil or compound- 
filled if desired; the busbars in either case are 
wrapped with insulating tape to withstand the 
full voltage of the system. 

The oil circuit-breaker, in the top of which are 
fitted the six self-centring isolating-plugs, is 
raised or lowered, vertically, by means of screwed 
rods actuated by a removable handle ; and ball- 
bearings are fitted so that the minimum effort is 
required for this operation. Three positions of 
the breaker are provided for; the normal 
service or top position, occupied by the left-hand 
breaker shown in Fig. 1, in which the isolating- 
plugs engage with corresponding sockets fitted 
to the busbar and current-transformer chambers ; 
the isolated or intermediate position, in which 
the right-hand breaker is shown in Fig. 1, 
the breaker being isolated completely from the 
busbars and circuit; the bottom position, 
in which the breaker rests on the floor and can 
be either wheeled away on its self-contained 
rollers, or the tank bolts can be removed, and 
the breaker raised to the “ isolated ’’ position, 


leaving the tank on the floor and the contacts 
exposed for inspection as shown in Fig. 2. 

The unit is fully interlocked, rendering it 
impossible for an operator inadvertently to make 
contact with live parts, or otherwise to 
expose himself to danger through incorrect opera- 
tion. Isolation cannot be effected without first 
opening the oil and when 
isolated, and with the tank removed, the breaker 
cannot be raised into the “service” position. Upon 


circuit-breaker ; 


lowering the breaker into the ‘‘isolated”’ position, 


automatically-operated shutters cover the isolator 
socket apertures in the fixed upper portion of 
A top case of the requisite dimensions 


the unit. 


Fig. 1. The left-hand unit is in the * service” position, 
and the right-hand unit is in the ** isolated” position. 
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Fig. 2. A Type “DD” unit in the * isolated” position and 
with the tank removed for inspection of the contacts. 


is provided to accommodate the usual instru- 
ments, meters, and relays. 

Although all parts are conveniently accessible, 
access from the back is not required so that the 
unit can be mounted with its back close against 
a wall. The vertical system of isolation enables 
all usual inspections and adjustments to be 
varried out within the floor space normally 
occupied by the unit; but should it be 
necessary to remove the oil circuit-breaker com- 
pletely, it will be seen on reference to Fig. 2, 
that the extra space required in front of the 
unit for this purpose is only a few inches beyond 
the projection of the operating handle. As a 
result of the foregoing features, and due also to 
the inherent compactness of design, the floor 


space required by the unit is reduced to a mini- 
mum, with a consequent considerable saving in 
the cost of the building for housing the switch- 
gear. The standard unit is 6 ft. 5 ins. high, 
and 2 ft. 2 ins. wide between centres, and the 
overall depth from the back of the unit over 
the maximum projection of the operating handle 
is only 4 ft. 1 in. 

The units can be mounted singly or any 
number can be mounted together to form a 
switchboard with continuous busbars. Oil circuit- 
breakers of similar current-carrying capacity are 
interchangeable and, since the units are com- 
pletely self-contained, very little work is involved 
when erecting them on site. 

The oil circuit-breaker is similar in all the 
important points of design to that incorporated 
in the standard “ English Electric ’’ metal-clad 
horizontal draw-out-type units, being of very 
massive construction throughout and designed 
to definite test data, so that reliable performance 
within its rated capacity is ensured. 

All operating mechanism, except the handle 
and automatic trips, is enclosed in the top-plate 
of the breaker enabling it to remain effectively 
lubricated during long periods of inaction, and 
thus eliminating the risk of failure due to 
“ sticking *’ when called upon to clear a fault. 
Further, the possibility of the breaker being 
re-closed by “ piston action” after opening on 


Fig. 3, Aview showing De-ion Grid Contacts fitted to a 
Type ** DD” circuit-breaker. 
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a fault is precluded, since all forces on the operat- 
ing mechanism due to pressure in the tank are 
balanced. An efficient venting system is pro- 
vided. The operating-handle is of the trip-free 
sensitive type with complete mechanical stability 
enabling very low settings to be obtained on, for 
instance, a direct-connected earth-leakage trip- 
coil, without danger of inadvertent operation 
due to vibrations. All the usual combinations 
of automatic features can be fitted including time- 
limit fuses for shunting the overload trip-coils. 

An important feature of the oil circuit-breaker 
is that De-ion Grid Contacts can be fitted, a 
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typical set being illustrated in Fig. 3. To be 
able to incorporate, in a relatively inexpensive 
switching unit, the well-known de-ionising method 
of are control, representing as it does the most 
important advance that has been made in recent 
years in the improvement of oil circuit-breaker 
performance, is an advantage which requires no 
further comment here. 

The ““ DD” type unit complies in all respects 
with the relevant regulations, is provided with 
ample clearances and insulation, and is subjected 
to standard B.S.I. pressure tests before 
despatch from the Company’s works. 


Automatic Re-closing E.quipment. 


The problem of maintaining the maximum 
continuity of supply on electrical transmission 
and distribution systems is assuming ever in- 
creasing importance in view of the wide areas to 
which electric power for all kinds of industrial 
and domestic loads is now supplied. 

An interruption of service usually means 
serious inconvenience to the consumers affected, 
and considerable financial loss to the supply 
undertaking. Occasional failures of the supply 
are practically unavoidable as, for instance, in 
the case of a feeder fault: but if the service can 
be quickly re-established when such faults 
occur, the disagreeable consequences to both 
consumer and supplier are minimised. 

Many faults which occur on feeders will clear 
themselves if given the opportunity, but usually 
this is impossible since the circuit-breaker pro- 
tecting the line opens and the service affected is 
not restored until the breaker is re-closed by an 
attendant. In the case of unattended sub- 
stations, considerable and unnecessary delay may 
occur in re-establishing the supply due to the 
time required for a man to reach the sub-station 
from the main station or elsewhere. 

The foregoing considerations have led the 
Company to develop the automatic re-closing 
equipment described below and the long experi- 
ence of the Company in the design, manufacture, 
and operation of automatic sub-station equipment 


has been drawn upon to ensure the high degree 
of reliability which is so essential. 

The equipment is electrical in operation, ex- 
perience having shown that mechanical methods 
of re-closing possess inherent disadvantages from 
the point of view of reliability. 

Views of a typical equipment of the fabricated 
steel cubicle type (with screens removed), are 
shown in Figs. 1 and 3, and the diagram of 
connections, together with a schematic diagram 
of the operating circuits, is shown in Fig. 2. 
The equipment illustrated is actually for use on 
an 11,000-volt, 3-phase, 50-cycle system, but the 
automatic gear is standardised and can be applied 
to equipments of any voltage, current, and 
breaking-capacity. 

In general, the equipment consists of a motor- 
operated oil circuit-breaker, connected in the 
feeder to be controlled, and fitted with automatic 
releases. When the circuit-breaker opens on a 
feeder fault it is automatically re-closed after a 
predetermined time interval ; if the fault persists 
and the breaker again opens, it is re-closed at 
regular intervals for a predetermined number of 
times. Should the fault not have cleared itself 
after the full number of re-closures have taken 
place, the breaker will remain open until the 
mechanism is re-set by hand, whilst an alarm 
circuit is closed to indicate either locally or at 
a distant point, that the feeder is “ locked out.’ 
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The number of re-closures can be adjusted between 
1 and 9, and the interval between re-closing 
operations may be set from a few seconds up to 
three minutes. Should the oil circuit-breaker, 
having tripped and re-closed, remain closed for a 
longer period than the maximum possible setting 
of the overload time-lags, then the counting 
mechanism is automatically re-set to give again 
the full predetermined number of re-closures if 
a further fault develops. 

Referring to the equipment illustrated in 
Figs. 1 and 3, the top compartment of the cubicle 


contains the busbars and _ isolating-switches ; 


below this are the oil circuit-breaker, with tank 
the 


removed, the current-transformers, and 
feeder cable box. On the 
front of the cubicle at the 
top is the operating-motor for 
closing the oil circuit-breaker, 
with solenoid brake, reduction 
gear, and limit switches which 
are enclosed in a steel cover. 
This mechanism is coupled 
through cranks and links to 
the trip-free oil circuit - 
breaker operating-mechanism 
below, which is equipped with 
overload trip-coils fitted with 
adjustable air-vane time-limit 
devices. To the left of the 
operating gear is the oil- 
immersed vane-type  time- 
delay relay for giving the 
desired intervals between re- 
closures, and the main circuit 
ammeter; beneath these are 
the triple-pole change-over 
auto-reclosing contactor, with 
mechanically coupled count- 
ing, lock-out and re-setting 
mechanism, three thermal 
time-delay cut-outs for pro- 
tecting the operating-motor, 
and an intermediate relay for 
the alarm circuit. A double- 
pole tumbler switch, for cut- 
ting out the automatic re- 
closing gear and disconnecting 
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the alarm circuit, and indicating lamps to show 
the open and closed positions of the circuit- 
breaker, are also included. 

OPERATION. 

Referring to the schematic diagram in Fig. 2 
where all apparatus is shown in the position 
corresponding to the oil circuit-breaker being 
open and its operating mechanism in the * start ”’ 
(or “re-set ’’) position, the operation in detail 
is as follows :— 

Assuming that the thermal cut-outs protecting 
the operating-motor are closed, and that the 
auto-reclose lock-out switch is in the ‘re-set ”’ 
position, closing the double-pole tumbler-switch 
completes a circuit from the red phase of the 
operating supply through the 
lock-out switch, motor opera- 
ting gear limit-switch (d), oil 
circuit - breaker auxiliary 
switch (6), to the re-closing 
time-delay relay and thence 
to neutral, and at the same 
time the alarm relay is ener- 
gised thus opening the alarm 
circuit. 

After a predetermined in- 
terval the contacts of the 
timing-relay close, completing 
the circuit to the auto-reclos- 
ing contactor, which in turn 
completes the circuits from 
the red and phases 
through the motor operating 
mechanism limit-switches (e) 
and (f) respectively to the 
operating motor and magnetic 
brake. At the same time the 
“make ” auxiliary switch on 
the auto-reclosing contactor 
completes a retaining circuit 
across the contacts on the 
time-delay relay. The ener- 
gising of the operating motor 
causes the oil-switch to close, 
the motor continuing to rotate 
until such time as the limit- 
switches (d), (e) and (f) break 
circuit on their lower con- 
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tacts, thus the supply 
is cut off from the 
motor, and at the same 
time the auto-reclosing 
contactor is de-energis- 
ed. This latter operation 
completes the circuit 
to the operating motor 
through the top contacts 
of the limit-switches (e) 
and (f), so returning 
the operating mechanism 
to the “start” or 
‘reset position. 

Countine DEVICE. 

The operation of the 
counting mechanism is 
such that when the 
re-close contactor is de- 
energised after closing 
in the first instance, the 
mechanism is notched 
round one tooth; but 
provided the oil circuit- prrermediate 


If, on the first attempt 
to close, the oil circuit- 
breaker trips out again 
due to a fault, the 

auxiliary switches (qa) 
Operating and (6) will be in their 
respective positions, as 
shown on the diagram 
when the motor opera- 
ting mechanism returns 
to the “start” or 
“re-set position. The 

Cireuit- 
Breaker — time-delay re-closing re- 
flaw, lay will thus again be 
energised and, after a 
predetermined interval, 
cause the auto-reclosing 
contactor to operate 
Automatic and attempt a furtherre- 


Re-clos 
Relay with Closing of the oil circuit- 


Contact 
andLock-out breaker. Each attempt 
causes the counting 
mechanism to be notched 


round one tooth, and 


breaker remains closed = unless the oil circuit- 
the counting mechanism breaker definitely 
is re-set due to its coil mains closed for a time 
being energised from the sufficient to allow the 
red phase, through the re-setting relay to oper- 
tumbler switch, the auto- ate, the mechanism will 
reclose lock-out switch, finally lock-out after the 
the oil circuit-breaker Fig. 3. predetermined number of 


auxiliary switch (a), the metal oxide rectifier and 
thence through the relay-coil to the neutral. The 
re-setting relay is provided with a time delay of 
longer duration than that of the overload trips 
on the oil circuit-breaker operating mechanism, 
in order to prevent the counting mechanism from 
being re-set before the overload trips have had 
time to operate and open the oil circuit-breaker, 
should the latter close on a fault or overload. 

The closing of the oil circuit-breaker also 
causes the auxiliary switch (b) to open, breaking 
the circuit of the time-delay re-closing relay. 


attempts have been made. The opening of the 
lock-out contacts cuts off the supply to the 
auto-reclose equipment, and also de-energises 
the alarm relay. This latter will therefore give 
an alarm whenever the mechanism locks out ; 
but as the two poles of the tumbler switch are 
mechanically coupled, no alarm is given when 
the mechanism is merely switched off. It will 
be appreciated that the alarm relay also functions 
on failure of voltage. After a lock-out it is 
necessary to re-set the auto-reclose equipment 
by hand. 
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“English Electric” Fuse Gear, 


Very satisfactory progress has been made in 
the development of new products and in the 
improvement of existing products at the Fuse 
Gear factory, and a brief outline of this progress 
is given in the following notes. 

SKELETON Fuse Boarps. 

Figure 1 illustrates a typical skeleton fuse- 
board, of which type there are two standard sizes 
available ; one rated up to 400 amperes and the 
other up to 800 amperes. The illustration shows 
a transformer isolator-panel on the right-hand 
end of the board with metering equipment. On 
each distribution circuit double isolation of the 
fuse is provided, enabling it to be withdrawn and 
replaced in complete safety. 

Metering of any kind can be incorporated, the 
simplest form comprising a clip-on transformer 
round the cable tails ; alternatively, a portable re- 
cording meter can be used, and for this purpose 
plug-contacts on the contact plates on each side of 
the lower isolator are provided. Whatever arrange- 


ment is adopted, it will be appreciated that the 
fuse is always in the live circuit on the busbar 
side of the meter. 

The busbars and the cable-boxes are carried 
on the main structure, and the board as a whole 
is arranged for bolting direct on to the wall. 
They are entirely self-supporting, and no space 
is required between the wall and the back of the 
board as required by Home Office regulations 
for back-connected boards. The board is easy 
to erect, and extensions can be effected without 
interfering with existing circuits. 

Universat Fuse Units. 

In this unit the fuse contact-clips are supported 
on a vertical insulated rod and the busbars 
located immediately behind them. All connec- 
tions are made from the front, and this, combined 
with the arrangement of the cable-box, which 
can be detached complete from the unit, makes 
connecting up a very simple process. This unit 
also, is designed for bolting direct on to the wall, 


Fig. 1. A 5-way, 3-phase, 4-wire board with transformer feeder panel. 
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Fig. 2. A Universal Unit with back-connected busbars. 


and requires no space between the wall and the 
supporting frame; any individual unit can be 
disconnected from the board, or erected to form 
an extension to the board, without interfering 
with the busbars or with adjacent units. Access 
from the back is not at any time necessary. The 
design permits of any circuit arrangement from 
single-phase and neutral, to three-phase four-wire 
plus lighting circuit by merely altering one com- 
ponent, namely, the length of the insulated sup- 
porting rod, and this feature gives the unit its 
name—the Universal Unit. 

Figure 2 shows two views of an 800-ampere 
unit with the cable-tails extended from the cable- 
box and sweated into the cable-sockets provided 
on the fuse-contacts. This unit can be supplied in 
five different sizes for current-ratings of 60 
amperes up to 800 amperes. 

IRONCLAD Factory-TYPE DisTrRiBUTION Boarp. 

A new type of distribution board is illustrated 
in Figure 3. This board is very easy to install 
and connect, entirely safe in operation, and it com- 
plies with the latest Home Office requirements. 
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Non-DETERIORATING 
Fuses. 

The ‘English Electric’ high-rupturing- 
capacity non-deteriorating cartridge-fuse has been 
developed especially to deal with circuit con- 
ditions where the power available on a fault is 
much beyond the capacity of an _ ordinary 
re-wirable fuse. These conditions to-day are so 
frequent as to render the application of the 
English Electric high-rupturing-capacity fuse 
practically universal. In addition to its use in the 
three specialised types of fuse gear first described, 
it is also very largely supplied as a complete unit 
to be built into all forms of distribution equip- 
ment. By the use of conversion handles a very 
large field is exploited; these can be fitted to 
existing fuse boards, disconnecting boxes, etc., to 
give the necessary short-circuit protection which 

is not provided by the original apparatus, 

Motor and other control gear, having a 
rupturing capacity of a low order, may be safely 
installed on systems where the short-circuit 
power available is of the order of 25,000 kVA, 


Fig. 3. A Factory-type Distribution Board. 
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because the fuse will clear the short circuit com- 
pletely in a fraction of the time required by the 
control gear to operate. 

TAG-TYPE CARTRIDGE Fuses. 

One of these fuses is illustrated in Figure 4. The 
tags on each end of the fuse are secured by bolts or 
screws to the contacts of the apparatus in which it 
is to be used. This construction permits the use 
of handles for conversion purposes, for example, 
for use in contacts of other manufacture, fre- 
quently enabling a re-wirable fuse handle to be 
replaced by a fuse of our high-rupturing - 
‘apacity non - deteriorating pattern. This fuse 
is manufactured in alt sizes from 2 to 800 
amperes inclusive. 

TESTS OF PERFORMANCE. 

During the past year more important indepen- 
dent tests have been carried out on the Company's 
fuses by three large Electricity Supply Under- 
takings, covering 500-ampere fuses at 400 volts 
d.c. and a large range of fuses up to and including 
500-ampere sizes at 420 volts a.c. Two of these 
tests were of a competitive nature, and showed, 


Fig. 4. A 500-ampere tag-type cartridge-fuse fitted in 

a moulded fuse-handle, 
that compared with fuses of other manufacture, 
the Company’s fuse had the lowest internal 
resistance, thus developing the lowest heat ; and 
also, the voltage rise on rupture was the lowest 
and our speed of rupture the highest. Figures 
obtained from one of these tests show that, taking 
the speed of rupture of the “English Electric 
fuse as 1, those of the fuses of other manufacture 
were 2.5 and 13. 


Fig. 5. A Type RD. 11,000-volt pole-operated fuse-unit. 


HigH-VoLTace Fuse Gear. 

The fuse standardised for the 11,000-volt 
Falling-Frame Switch-Fuse is the Type E.30, 
which has a maximum current rating of 15 
amperes and a rupturing capacity of 100,000 kVA. 
It is interesting to note that this fuse has also 
been standardised by other manufacturers who 
have incorporated it in their designs. 

Figure 5 shows the Type R.D. 11,000-volt pole- 
operated fuse-unit. This is of weatherproof 
design, is mistake-proof in operation, and_ its 
construction facilitates the making of the jumper 
connections. The contacts are spring-loaded, and 
any ice seal which may be formed during extreme 
climatic conditions is broken by normal opera- 
tion. 22 kV. insulators are fitted as standard. 
The unit is suitable for use either with the 
‘English Electric Type E.30  high-rupturing- 
capacity non-deteriorating fuse or the * English 
Electric * expulsion-type re-wirable fuse. 
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Some Problems of Rural Electritication. 


(Reprint of a Paper read on 18th January, 1933, before the Belfast Association of Engineers, 


by R. M. CHARLEY, B.Sc., M.1.E.E.; continued from Page 137, Vol. VI., N 


SINGLE-PHASE LOAD FROM THREE-PHASE SUPPLY. 

Occasionally requests are made for a manu- 
facturer to supply a transformer suitable for 
transforming from a three-phase supply to a 
single-phase load. I urge that in such cases 
an ordinary single-phase transformer should be 
used, with its primary winding connected across a 
pair of lines of the three-phase supply. A special 
transformer can be made, but after comparing its 
electrical characteristics as regards current ratio 
and internal power factor with those of a simple 
single-phase unit it is seen that nothing is gained 
by using the special design, which must cost 


more. The comparison of the electrical charac- 
teristics is as follows :— 
Ratio of Power 
Currents Factor of 
in Lines. Currents. 
3-phase/1-phase transformer... 1-2-1 0-5-1-0-0-5 
Single-phase transformer 1-1 0-866-0-866 


PROBLEM OF VOLTAGE REGULATION. 

The unbalanced loading of three-phase 4-wire 
systems is not responsible for all voltage regula- 
tion difficulties, for even with balanced loads there 
is the inevitable voltage drop due to the induct- 
ance and resistance of the line. Furthermore, 
one of the statutory conditions of bulk supply is 
that it is given at a declared minimum pressure 
and is allowed a 12} per cent. increase. Obviously 
this variation cannot be passed on to the con- 
sumer, hence the distribution authority must 
legislate for suitable voltage regulating equip- 
ment to enable a satisfactory supply to be given 
to its consumers. 

Perhaps the first scheme that might be con- 
sidered is to install voltage regulating equipment 
at the point of bulk supply. This might take 
the form of on-load tap-changing on the main 
transformers which transform the pressure from, 
say, 33 kV. to 11 kV. Two units would be 
installed, and it is quite feasible to operate them 
automatically in parallel and also to provide 
line-drop compensation. 

The use of induction regulators is to be recom- 
mended, and in the case mentioned in the last 
paragraph I suggest the regulator should be con- 


nected in the circuit between the incoming and 
outgoing feeder panels. It has sometimes been 
suggested that provision should be made for 
isolating the regulator under load conditions at 
times when it is not really necessary for its 
primary purpose. I suggest that this is not worth 
while. The loss in the regulator is only of the 
order of 3 per cent. of its inherent output, and 
on the basis of the capacity of the line it is only 
perhaps 0-3 per cent., and, furthermore, the light 
load loss would only amount to about 0-1 per cent. 
This loss, I suggest, is negligible, and if it were 
capitalised it would only represent a small part 
of the cost of the isolating gear. I recommend, 
therefore, that regulators installed as outlined 
above should be provided with a simple arrange- 
ment of isolation to allow of them being taken 
out of circuit only when the circuit is not 
connected to the supply. 

INDUCTION REGULATORS ON DISTRIBUTORS. 

This scheme of voltage regulation at the point 
of bulk supply will not always give the necessary 
good service on all the individual distributors for 
obvious reasons, and it is most probable that small 
regulators may have to be installed on every 
distributor. The induction regulator provides the 
ideal means of meeting this problem, and I venture 
to suggest that there are many cases existing 
to-day where the installation of an induction 
regulator could easily be justified from the point 
of view of service, but, further, its cost would be 
recovered in a few years from the increased 
revenue resulting from the improved voltage 
regulation. 

It has sometimes happened that engineers have 
not been familiar with the simple and economic 
application of induction regulators, and when 
faced with a voltage regulation problem they have 
considered increasing the current - carrying 
capacity of the line. I suggest that in many cases 
this is of little value and thoroughly unecono- 
mical. An overhead low voltage distributor 
probably comprises 0-1 sq. in conductors, spaced 
15 inches apart, in which case the resistance and 
Hence by 


reactance drops are about equal. 
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doubling the copper cross section the total 
impedance drop is only reduced by about 20 per 
cent. It is much more economical to install an 
induction regulator. 

Small induction regulators are new in service 
in very large numbers for rural electrification 
work. They are usually automatically controlled, 
and are sometimes provided with line-drop com- 
pensation. They can easily be arranged for 
outdoor service and even for pole-mounting. 
Fig. 8 illustrates such an induction regulator. 
It has an internal capacity of 5 kVA., which 
means it can be designed to give, say, plus and 
minus 5 per cent, regulation on a 100 kVA. 
distributor, or, say, plus and minus 10 per cent. 
regulation on a 50 kVA. circuit. 

The application of interconnected-star balancers 
has been described above, but they naturally 
cannot overcome inherent voltage drop in the 
distributors. Induction regulators must be 
installed for this purpose, and in many cases a 
combination of interconnected-star balancer and 
induction regulator forms a very desirable 
arrangement. 

It has been suggested that an interconnected- 
star balancer provided with tappings for on-load 
tap-changing is a suitable alternative scheme. 
I believe a little consideration will show that it 
is not a desirable piece of apparatus. Because 
of the divided windings, there must be two com- 
plete sets of tappings and two tap-changing 
switches. This extra complication is serious, and 
it is almost certain that the cost would be as 
much as the separate interconnected-star balancer 
and induction regulator. 

An induction regulator inherently gives equal 
buck and boost, whereas in some applications 
only boost is required. In such cases an auto- 
transformer should be provided to give a _ per- 
manent boost of half the total amount required, 
so that the full range of the induction regulator 
can be utilised. The cost of the auto-transformer 
is comparatively small and the size of the induc- 
tion regulator is halved. 

EXAMPLES OF APPLICATION OF INDUCTION 

REGULATORS. 

The following examples showing the benefits 
resulting from the installation of induction regu- 
lators may prove interesting :— 


Fig. 9 gives particulars of an actual line and 
also the voltage conditions, and shows the appli- 
cation of the in- 
duction regulator, 
including its asso- 
ciated auto-trans- 
former. It was 
desired to take a 
further load at 
point D, and to 
enable this to be 
done with reason- 
able voltage regu- 
lation, it 
decided to install 
the voltage regula- 
ting equipment at 
point C, The 
maximum load 
that could be sup- 
plied to this distri- 
butor without the 
installation of a 
regulator, even 
assuming the per- 
missible pressure 
at the end of the 
line may be as low 
as 206 volts, is 36 
kVA. The regulat- 
ing equipment com- 
plete with a balan- 
cer for the three- 
wire system, and 
the whole mounted 
in a kiosk, would 
cost about £175. 
The result of in- 
stalling this equip- 
ment is that the 
load that can be 
supplied is 62-5 
kVA.. an increase 
of 74 per cent. 

Suppose it is desired to supply a load of about 
50 kVA. to a new area located about 900 yards 
beyond the end of an existing low voltage 
distributor which is, say 500 yards from the 
nearest point of high voltage supply. The 


was 


Fig. 8. 
Induction Regulator. 
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Fiz. 9. Example of Application of Induction Regulator. 


problem is to decide whether this should be done 
by an extension of the distributor or by the 
erection of a new high voltage line. The cost of 
the former scheme, including the line, auto-trans- 
former and induction regulator, would be about 
£380, whereas the alternative proposal would 
cost about £470 for the line, transformer and 
switchgear. Obviously, the installation of the 
induction regulator is economical in this case. 
Fig. 10 gives some interesting curves showing 
the great benefits derived from the use of regu- 
lated lines. The curves are plotted for three- 
phase, four-wire, 400-volt overhead lines, assum- 
ing the load is at the end of the distributor, and 
that the power factor of the load is 0-8 per cent. 
It is seen that the cost per kW. mile of line for 
the regulated line is of the order of one-quarter 
the cost of the unregulated line where 4 per cent. 
voltage drop only is allowed, and there is the 
further advantage that with the former the volt- 
age is maintained constant at the point of the load. 


ALTERNATIVE VOLTAGE REGULATING SCHEMES. 

Other forms of voltage regulators have been 
proposed, but they are all generally discredited as 
compared with induction regulators, except, 
perhaps, from the point of view of initial cost ; 
but this is more than offset by other considera- 
tions. The most recent type of regulator put on 


the market is known as a moving-coil regulator. 
Its first and only recommendation is that it is 
cheap, but its losses are inherently higher than 
for an induction regulator. Another very 
important feature is that since its function as a 
voltage regulator is dependent on its inherent 
reactance, it must give a comparatively large 
phase displacement. It is true that a simple 
induction regulator also has phase displacement, 
but this can be overcome by using a twin unit 
regulator. No such scheme can be adopted with 
the moving-coil type of regulator. Hence, apart 
from its other drawbacks, there are applications, 
such as a ring main or interconnected distributors, 
where this type of regulator could not be installed. 


Occasionally a problem arises where the 
installation of an induction regulator cannot 
be justified, but some means of raising the 
voltage must be provided. To meet this demand, 
I suggest a small auto-transformer arranged to 
give perhaps three different voltages in two equal 
steps, tap-changing being carried out by means of 
contactors which are automatically operated by 
a system of thermal relays which are controlled 
from a current transformer. In this simple 
manner the voltage can be made to increase in , 
steps of any reasonable value, as the load increases. 
This scheme is shown diagrammatically in Fig. 11. 
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voltage ratio and other char- | eel 

(| TINE RFGULATEO BY AUTAMATIC | WOUCITION REGULATOR VOLTAGE |CONS TANT 
acteristics could be chosen to » [2 1 
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tions under full load without 
undue attention being paid to 
light loads. I venture to suggest that Supply 
Authorities should intensify their campaign to 
encourage the use of devices that will improve 
load factor. I have in mind water heating and 
heat storage cookers, and there may be other 
schemes for absorbing power at off-peak times. 
Furthermore, greater efforts might be made to 
increase load generally apart from the question 
of load factor. The average electric lighting of 
houses, shops or offices cannot be described as 
ideal at present. Better lighting would increase 
domestic comfort, increase sales in shops, and 
result in higher efficiency in offices. Much can 
be done to increase load in this direction. 


Future DEVELOPMENTS. 
It will be generally accepted that only the 
fringe of the possible rural load has yet been 
touched, and I venture to suggest that greater 
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* Fig. 10. Comparative Costs of Regulated and Un-regulated Lines. 


vision might be exercised in the conception of 
future schemes. The capacity of transformers 
should be sufficiently great to allow for an 
increase in load of several times the present 
demand. I would also suggest that higher 
pressure for distribution should be seriously 
considered. 11 kV. is not high enough for general 
use in distribution if loads contemplated are 
several times their present values. I consider 
that distribution at 33 kV. must be more univer- 
sally adopted, and assuming that transformers 
of comparatively large output are installed, and 
allowing for the fact that the intermediate voltage 
transformation from 33 kV. to, say, 11 kV. is 
eliminated, it would be found that 33 kV. distri- 
bution would be a sound proposition. This 
policy demands long vision and the pioneering 
spirit, but it would pay in the long run. 
In conclusion I trust that my remarks concern- 
x ing apparatus required for 
rural electrification schemes 
will be of some value to operat- 
ing engineers, and also that 


WG 


one the observations I have dared 
to make regarding the concep- 


5666 


Baler | Balen & 


Fig. 11. Diagram for Two-step Booster Transformer. 


tion of future schemes may 
at least result in a new line 
of thought. 


Baton S 


* Curves of Un-regulated Lines are plotted from information given in the paper entitled ‘* The Design of a Distribution 
System in a Rural Area,’’ by E. W. Dickinson and H. W. Grimmitt, published in the Journal of the Institution of 
Electrical Engineers, February, 1932, 
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We can supply your requirements immediately 
from stock at the lowest possible prices. 
————Highest quality only.———— 

SHEETS SPECIALLY SHEARED FOR 
CUSTOMERS’ REQUIREMENTS DOWN TO 3*. 
STEEL, PLAIN & CHEQUERED PLATES 
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“BAKELAQUE” INSULATION 
BEST BRITISH MANUFACTURE. 
Highest Grade BAKELITE having LOWEST POWER 
losses and the HIGHEST DIELECTRIC STRENGTH 
VALUES KNOWN. 
We have produced an improved Synthetic Resin at our Riverside Works, which 
we describe as Number F.818. Tests made September, 1932, by the Metropolitan- 


Vickers Research Department, Manchester, on tubes made up by them show the 
following result :— 


Oi at 25° Olt at 90°C. 
1ckness.- vimil. vimii. 
TUBES 1° 0.126 97 769 78 618 

2" 0:128 61 a76 63 492 


Dielectric losses after soaking in oil for 2 days at 40° to 90° C. 
Results obtained at 90° C, 


Applied k.V. Stress. Capacitance m.m.f._ a. 
Ss 1723 0.027 3.7 
10 1723 0.027 7 


We shall be pleased to receive enquiries for: | 


VARNISH, VARNISHED PAPER, TUBES and SHEETS 
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Lathes. John Lang & Sons Ltd., Johnstone, 
Glasgow. 

Boring Machinesand Wm. Asquith Ltd., Halifax. 

Boring Mills. George Richards & Co., Ltd., Man- 
chester. 
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Jas. Archdale & Co., Ltd., Birming- 
ham. 
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MACHINE \ 
For further particulars write to: 
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LONDON S.W.1 


XIII 
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